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ABSTRACT 


This  report  describes  the  results  of  a  groundbased  sky  survey 
at  10  microns ,  an  attempt  to  verify  and  study  previously  unknown 
sources  detected  by  the  AFCRL  Hi-star  rocket  survey  and  the  results 
of  an  absolute  calibration  of  stellar  fluxes . 


FINAL  REPORT 

Contract  No.  F  19628-70-000^6 


I .  Introduction : 

ihis  program  was  begun  in  the  fall  of  1969  as  an  effort  to  answer 
a  fundamental  question  raised  by  earlier  infrared  astronomical  observations. 

It  had  been  found  that  in  the  5-,  10-  and  20-micron  windows  there  are  many 
very  bright  infrared  sources  which  could  not  be  predicted  on  the  basis  of 
conventional  astronomical  data.  It  was  considered  important,  both  from  a 
scientific  and  a  practical  point  of  view,  to  determine  the  density  and 
distribution  of  bright  sources.  The  ultimate  scientific  interest,  of 
course,  lies  in  understanding  the  physical  nature  of  the  different  types 
of  objects  which  produce  intense  infrared  emission.  Our  work  in  this  area 
can  be  divided  as  follows:  A.  The  ground-based  survey  work,  chiefly  at 
10  microns;  Q.  The  verification  and  study  of  the  sources  found  by  the 
AFCRL  .ocket  program  (Hi-Star);  C.  An  absolute  radiometric  calibration  of 
ground-based  photometry  at  11  microns. 

In  this  report  we  will  summarize  the  results  achieved  in  these  three 

areas . 

II.  Ground-based  Survey : 

A.  The  5-micron  Survey 

Because  of  the  relatively  low  background  in  the  5-micron  atmospheric 
window  and  because  many  infrared  stars  are  known  to  peak  near  5  microns,  we 
initiated  a  preliminary  survey  effort  at  this  wavelength  in  the  fall  of  1969, 
after  the  start  of  the  contract.  A  single  detector  was  used  on  the  28-inch 
telescope  with  an  instantaneous  field  of  view  of  5  x  5  arc-minutes.  The 
telescope  was  scanned  in  declination  at  the  fastest  rate  consistent  with  the 
object  being  in  the  beam  for  two  tines  the  RC  time  constant  of  the  phase- 
sensitive  demodulator.  The  right  ascension  drive  of  the  telescope  was  not 
used,  thus  producing  a  15  /hour  scan  rate  along  that  axis,  700  square  degrees 
were  surveyed  at  a  flux  limit  of  about  5  x  10“-^  watts/cnf'/u .  No  unidentified 
sources  were  detected  unambiguously.  Efforts  were  made  to  confirm  one  unidenti¬ 
fied  source  of  high  3ignal-to-noise  ratio,  but  were  unsuccessful. 

B.  The  10-micron  Survey 

‘he  10-micron  survey  observations  were  started  in  the  spring  of  1970. 

I 'any  variations  have  been  tried  in  an  effort  to  optimize  the  various  parameters 
of  the  filter-bolometer-modulator  system  These  results  are  not  perfectly 
homogeneous  with  respect  to  wavelength,  flux  limit  or  field  r 0  view.  Basically, 
we  have  operated  in  four  different  modes,  utilizing  three  different 
deiector  systems  and  three  different  telescopes.  The  nethods  for  scanning 
the  sky  are  basically  the  same  as  used  in  the  5-micron  survey,  and  have  been 
described  earlier  in  the  September,  lr*70  Annual  Technical  Reports. 


aLxe  I  shows  the  four  different  systems,  how  they  have  been  used, 
and  the  minimum  detectable  signal  levels.  System  I  was  used  only  for  a 
short  time  and  served  as  a  prototype  for  System  II.  System  II  has  also 
been  described  in  the  September,  1970  Annual  Technical  Reports,  and  was 
used  on  the  28-inch  telescope  and  also  as  System  III  on  the  60-inch  metal 
mirror  telescope.  System  IV  was  an  effort  to  extend  the  sensitivity  to 
lower  flux  levels  in  order  to  obtain  information  at  a  flux  level  not  covered 
previously.  It  utilized  the  techniques  developed  for  single-channel,  high- 
sensitivity  photometers  used  for  multiband  photometry  on  discrete  sources. 


TABLE  I 


System 

I 

II 

III 

IV 

Telescope 

28” 

28" 

5 '  C 

6i" 

Humber  of  Channels 

1 

1+ 

1+ 

i+ 

Minimum  Detectable  Signal  (Typ) 

Flux  (x  10“1(^watts/cm2/p) 

*10 

*3.5 

1.2 

0.5-0.15 

Magnitude 

2.3 

1.2 

0.0 

+1.0-+2.2 

Scan  late  (Sq  dcg/hr) 

0.85 

3.8 

.65 

.09 

Hours  of  Useful  Data 

*350 

*170 

*105 

Total  Observed  Area  (Sq.  deg.) 

1+70 

1350 

115 

9.2 

Humber  of  Possible  Sources 

3 

15 

lU 

15 

Humber  of  Confirmed  Sources 

0 

0 

0 

1 

System  IV  utilizes  the  high  resolution  of  the  6l-inch  telescope 
and  the  f-i+5  modulating  secondary;  a  four-detector,  four-channel  array, 
vas  constructed  with  a  field  of  view  of  about  10  arc-3econds  for  each 
aetector.  It  was  found  that  this  system  was  largely  background  limited 
rather  t  tan  sky  noise  limited,  and  a  sensitivity  or  the  order  of 
1  x  10"  ‘nt/cm 2/v  was  achieved.  Unfortunately,  only  a  limited  amount 
of  observing  time  was  available.  However,  rewarding  results  were  achieved 
with  this  system,  with  the  discovery  of  a  new  source  in  Cameloparadalis . 

The  1950  coordinates  are  a  =  03h  2 Urn  l+5?8  (±2)  and  6  =  58°  1+5:5  (±0.1). 

.ne  .1  magnitude  is  minus  0.8  or  2  x  10”^  W/cm^/p.  Photometry  has  been 
carried  out  from  c  .?  to  25  microns,  and  shows  this  source  has  a  spectral 
distribution  quite  similar  to  IJML  Cgg,  and  VY  CMa.  It  should  be  noted 
that  this  object  is  listed  in  the  AFCRL  Infrared  Sky  Survey  as  Ho.  508-3363. 


7. 


As  it  is  much  less  susceptible  to  sky  noise  than  the  wider  field 
Systems  II  and  III,  System  IV  appears  to  be  the  most  efficient  way  to  use 
ground-based  telescopes  in  this  application,  though  it  requires  a  large 
collecting  area  and  small  field  of  view.  The  28-inch  telescope  was 
extensively  modified  to  give  it  sensitivity  comparable  to  the  6l-inch 
at  f-^5,  and  so  that  it  could  be  used  with  the  most  sensitive  system, 
ihese  modifications  are  extensively  described  in  an  earlier  report 
(August,  1971,  Semi-Annual  Technical  Report). 

C.  Observational  Results  of  the  10-micron  Oround-based  Survey 

Ihe  data  produced  by  System  I,  which  wa3  a  single-channel  system, 
was  recorded  on  stripchart  paper  and  then  reduced  b\  hand.  Uovever,  this 
was  not  practical  for  the  multi-channel  Systems  II,  III  and  IV.  The  data 
produced  by  the  multi-channel  systems  was  recorded  digitally  on  magnetic 
tape  and  later  processed  by  computer.  The  computer  selects  points  that  have 
the  proper  signature  at  2.2  sigma  above  the  RMS  noise.  Positions  are 
calculated  from  timing  pluses  multiplexed  onto  the  magnetic  tape.  The 
results  of  the  reductions  are  summarized  in  Table  I.  Dus  to  the  expense 
of  computer  reductions,  observations  with  high  noise  or  many  clouds  have 
not  been  done.  Of  the  approximately  1200  to  1500  hours  that  observing 
was  attempted  in  Systems  II,  III  and  IV,  about  625  hours  provided  useful 
data. 


Table  II  is  a  listing  of  M  possible  sources  from  Systems  II,  III 
and  IV,  of  which  only  one  has  been  confirmed.  The  other  sources  are  mainly 
of  low  signal-to-ncise  ratios,  and  atterrots  have  been  made  to  confirm  only 
those  considered  most  promising.  The  lack  of  confirmed  sources  i»  not 
inconsistent  with  the  limiting  flux  levels  of  these  observing  systems, 
and  the  chances  of  coincident  noise  fluctuations.  The  flux  levels  of  these 
sources  will  be  about  the  same  as  the  limiting  flux  of  the  telescope  they 
were  observed  with. 


TABLE  II 


DATE 

TELESCOPE 

a  1971 

6  1971 

3-16-71 

61” 

00h05IV.S 

+59°  00’ 

5-16-71 

5 1 C 

00  51  i*o 

-28°  08.5 

3-20-71 

6l" 

00  58  29 

+58°  ^2’ 

3-20-71 

6l” 

01  08  53 

+58  U 2 

3-20-71 

6l" 

01  20  12 

+  58  1*2 

1-9-71 

28" 

02  17  35 

+38  53' 

5-2U-71 

61" 

02  25  08 

♦57  06 

TABLE  II  (CONT’D.) 


DATE 

TELESCOPE 

a  1971 

6  1971 

3-21-71 

61" 

00  26  56 

+56°  00 

1*-17-71 

61" 

02  37  31* 

+58°  50 

U-16-70 

28” 

02  55  21 

+16°  1*1 

3-20-71 

6l" 

03  25  1*0 

+58°  1*2 

H-17-71 

61” 

03  1*5  09 

+58°  09 

11-20-70 

28” 

03  1*6  30 

-01°  53’ 

L-I4-71 

28" 

Ol*  1*5  29 

-25c  56’ 

ll-ll*-70 

28" 

05  26  39 

_ll*°  23' 

11-12-70 

28" 

05  33  50 

-05°  2l*' 

5-2l»-71 

61" 

05  51  Ol* 

+57°  06' 

1-6-71 

28" 

06  37  ?8 

+39°  1*9' 

U-27-71 

5 '  C 

06  51  33 

-28°  51' 

11-19-7C 

28" 

07  13  37 

-02°  02' 

11-16-70 

5 '  C 

07h52nl*5S 

+16°  36' 

5-9-71 

5 '  C 

07h55  35 

-28°  19' 

5-2':- 71 

5'C 

0Gh31m39S 

-28°  15' 

3-2U-71 

5'C 

h 

10  05  37 

-28°  15' 

1-6-71 

28" 

10  27  53 

+  39°  1*8' 

5-9-71 

5'C 

10  28  59 

-28°  19' 

11-3-70 

28" 

11  1*2  03 

-28°  19' 

5-9-71 

5'C 

11  1*2  2l* 

-28°  19' 

5-9-71 

5'C 

11  53  1*6 

-28°  19' 

5-9-71 

5'C 

12  37  37 

-28°  19' 

5-9-71 

5'C 

13h22n53S 

-28°  19' 

^ . -  . .  -- — — 


confi rmed 


TABLE  II  (CONT'D. ) 


DATE 

TELESCOPE 

a  1971 

6  1971 

5-17-71 

5'C 

l8h  Q3  10 

-28°  0U ' 

11-15-70 

5'C 

l8h  HO  10 

16  56 

U-17-71 

6lM 

19h  17  56 

+58  50' 

12-7-70 

20" 

20  07  08 

+lt0  50' 

3-19-71 

61" 

20  lU  L9 

+50°  Uo' 

3-18-71 

61" 

21  13  52 

59°  00' 

1-5-71 

28" 

21  l8  29 

39  It  8 

3-21-71 

61" 

21  35  26 

+56°  00 

5-20-71 

6i" 

23  03  1+5 

+58°  39' 

11-15-70 

5'C 

23h  06  03 

+17°  00' 

1-6-71 

28" 

23h  2lt  lt5 

+39  55' 

ll-lU-70 

r8" 

23h57  52 

+09  00' 

11-15-70 

20" 

23h  58  lO 

+16°  59' 

D.  Conclusions  from  Ground-based  Survey 

The  conclusions  drawn  now  are  essentially  the  sara°  as  those  drawn 
in  the  February  1971  Semi-Annual  Technical  Feport,  which  ajg:  g 

1.  The  mean  density  of  stars  brighter  than  3  x  10"  W/crA/u  is 
at  least  0.005  per  square  degree,  and  that  these  stars  are 
almost  randomly  distributed  across  the  sky. 

2.  The  results  of  the  survey  with  System  II,  as  given  in  Table  I, 
are  compatible  with  a  mean  star  deisicjr  given  in  ^art  1  above. 

3.  The  results  of  the  survey  at  high  sensitivity  with  System  IV, 

as  given  in  Table  I,  suggest  that  the  density  of  stars  increases 
as  brightness  decreases  faster  than  a  factor  of  I*  per  magnitude, 
at  least  in  the  galactic  plane.  The  results  of  the  AFORL  Survey 
show  the  same  trends.  □  ? 

1*.  At  flux  levels  below  1  x  10  W/cmVu ,  extragalactic  sources 
whirn  are  rand*,  ly  distributed  may  become  significant. 
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1 1 1  •  ihe  AFCRL  Rocket  Source  s  : 


In  the  spring  of  197?,  a  program  was  undertaken  to  verify  o  _cts 
listed  in  the  AFCRL  infrared  sky  survey  (Walker  and  Price  1972).  Two 
lists  of  sources  were  provided,  the  second  list  representing  a  revision  of 
the  first.  Both  were  to  be  considered  as  preliminary  results.  Since 
there  were  many  apparently  bright  10-micron  sources  which  could  not  be 
identified  with  optical,  radio  or  other  infrared  sources,  we  chose  to 
concentrate  all  of  our  effort  in  t*'s  area.  When  sources  were  verified, 
we  attempted  to  improve  the  positional  accuracy  to  determine  whether  the 
source  was  a  star  or  some  other  type  of  body.  We  also  obtained  multi-band 
infrared  photjmetry  for  most  of.  the  new  sources. 

< roDi  ^  aFea  °f  t,'le  s5cy  e<lual  to  plus  and  minus  two  times  the  listed 
aFCRL  error  in  right  ascension  and  declination  was  scanned  in  search  of 
each  object.  The  28-inch  telescope  was  modified  for  this  program,  to 
obtain  a  30-arcoecond  setting  capability  in  right  ascension  and  declination. 

A  four-channel  detector  system  with  a  field  of  view  of  about  20  arcseconds 
for  each  detector  was  used.  The  sensitivity  of  this  system  was  approximately 
5  x  10  W/cm  /p  at  a  wavelength  of  10.2  microns. 

Table  III  lists,  in  order  of  right  ascension,  all  27  sources  that 
were  verified.  It  is  clear  that  from  the  photometry  that  this  body  of 
sources  repr-  sents  more  than  one  class  of  object.  Some  are  stars.  Others 
ma^  be  colder,  more  extended  objects  associated  with  radio  or  molecular 
ine  emission.  Figure  1  shows  the  distribution  on  the  sky  of  the  135 
objects  which  were  searched  for  but  could  not  be  detected.  The  dashed 
curve  represents  the  galactic  plane.  Iiote  that,  with  only  one  exception, 
i  °f  verifled  sources  ar«  extremely  close  to  or  m  the  galactic 
pla:  The  unverified  sources  appear  randomly  distributed  over  the  sky. 

A,  this  time,  it  is  difficult  to  determine  wny  we  failed  to  detect 
so  many  sources  in  the  AFCRL  listing.  Clearly,  it  is  not  a  matter  of 

1Vi%  Fi*UreS  2  and  3  ShOW  the  differe”ce  between  our  positions  and 
AF CHjj  positions  compared  to  the  listed  AFCRL  error  for  those  27  oblects 
th&t  we  were  able  to  find.  The  right  ascension  graph  indicates  a  systematic 
position  error  to  the  west  upon  application  of  the  "F"  test  for  equality  of 
variances.  These  figures  also  clearly  show  that  a  positional  error  alone 
cannot  account^for  the  fact  that  we  were  able  to  detect  only  20  percent  of 
the  sources.  The  other  factor  which  must  be  taken  into  accour t  is  the 
very  large  difference  between  the  ground-based  and  rocket  fields  of  view, 

20  arcseconds  and  3  x  T  areninutes  respectively.  It  should  b  noted  that, 
m  many  cases  amongst  the  27  verified  sources,  our  measured  flu.  is  considerably 
less  than  the  flux  observed  with  the  large  field  of  view  rocket  .ystem. 

--ables  I j  and  V  are  r  ght  ascension  lists  of  the  unverified  sources  from 
the  first  and  second  AF^RL  listings. 
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Remarks : 


TABLE  IHb  ( CONT  *  D ) 


a  -  Found  by  U  of  A  survey 
'v  20  mag.  red  star 

b  -  Visual  limit  *  15  mag. 

c  -  DM- 10  1^76  V  +8.8  mag. 

Spectral  Type  B8 

d  -  Visual  limit  'v  15  mag. 

e  -  Star  on  Palomar  photograph 
'x-  20  mag. 

f  -  10th  mag.  star 

g  -  Possible  ^  10  mag.  star 

h  -  Near  ROW  171 

i  -  Area  of  SG  021.9-0.** 

J  -  Near  OH  Region  G**5.1  +0*1 

Verified  from  AFCRL  217-963  -  1st  list 
Deleted  from  2nd  list 

k  -  W-57  area 

1  -  W-67  area 


TABLE  IV 


Objects  from  1st  List  Searched  for  But  Hot  Verified 


AFCRL# 

a 

6 

509-15W 

6  52.3 

-20  57 

513-781* 

9  12.5 

21  59 

518-700 

9  1*2.0 

271*6 

52U-91J* 

9  51.7 

6  18 

222-291*8 

10  53.1* 

33  25 

1*25-3189 

11  1*6.0 

51  1*0 

1*20-3151* 

12  27.1* 

51  1*0 

1*22-3096 

12  29.1 

1*6  02 

216-2388 

12  1*0.1 

-  5  32 

206-21*71* 

13  2.1 

6  27 

1*23-2808 

13  28.2 

22  52 

l*2l*— 27l*5 

13  38.1* 

17  25 

1*23-2713 

13  52.8 

16  18 

1*23-2687 

13  58.0 

ll*  19 

l*08-?958 

ll*  11.1* 

1*1  1*2 

1*25-251*8 

11*  21.3 

2  32 

l*2l*— 251*8 

ll*  26.0 

3  39 

1*12-2633 

ll*  1*9.7 

17  31* 

1*05-261*1 

15  13.1 

22  07 

1*07-251*1 

15  26.3 

15  22 

1*07-2517 

15  29.1 

13  38 

1*07-21*93 

15  33.9 

1?  17 

AFCRL# 

a 

5 

208-1531* 

16  1*8.5 

-13  1*0 

1*01-211*0 

17  9.3 

2  38 

l*0l*-2101 

17  12.7 

-  1  55 

1*01-2017 

17  39.9 

-  0  3 

220-128 4 

18  23.1* 

-13  ll* 

215-1196 

18  26.1 

-  3  51 

203-587 

18  28.1* 

39  53 

218-1201* 

18  36.7 

-  6  50 

215-1030 

18  57.2 

16  1*0 

217-963 

19  12.1* 

10  1*7 

217-959 

19  13.0 

11  5 

215-665 

19  37.1 

33  53 

210-761* 

19  1*5.8 

25  1 

22B-601 

20  26.1* 

37  17 

2?l*-566 

20  31.7 

1*0  11 

1*02-121*3 

20  51*. 7 

9  6 

1*02-1213 

21  11.0 

10  30 

1*02-1022 

21  31*. 3 

20  35 

1*02-991* 

21  1*0.6 

21  55 

l*0l*-1020 

21  1*2.0 

19  29 

i*oi+— 911* 

21  59.0 

25  1*6 

1*03-767 

22  19.0 

35  1* 

TABLE  V 


Objects  from  2nd  List  Searched  for  But  Hot  Verified 


AFCRL* 

a 

5 

AFCRL# 

a 

6 

518-2620 

1  52.6 

5  19 

1*23-3000 

12  1*7.2 

37  56 

526-2068 

3  32.1+ 

-37  2 

703-1792 

12  56.7 

-  0  51* 

628-16U1 

5  2.3 

-33  1* 

1*25-2819 

13  19.9 

22  1*7 

726-2995 

7  9.1* 

37  1*0 

1*25-2820 

13  21.3 

23  6 

511-1U91 

7  10.8 

-20  15 

732-1705 

13  36.9 

-31  52 

519-1W9 

7  1*5.2 

-26  12 

210-2196 

13  1*0. 1* 

-11  03 

527-1383 

8  30.5 

-28  58 

203-2261* 

13  1*5.1* 

-  1  57 

512-106U 

8  1*0.1 

2  18 

732-1681* 

13  1*6.0 

-31  33 

710-2960 

8  1*3.3 

1*2  31* 

732-1681 

13  1*7.2 

-31  30 

513-397 

9  .8 

51  18 

732-1676 

13  1*9.8 

-31  1*1 

718-2579 

9  29.5 

15  1*9 

1*08-2957 

ll*  11.6 

1*1:  U2 

523-880 

9  1*9.7 

11  37 

217-1993 

ll*  2U.6 

-2l*  1*0 

226-321*2 

10  .1 

58  2 

1*01-321*6 

ll*  1*1*.  3 

62  58 

521-1*86 

10  1* .  9 

1*5  31* 

1*03-281*7 

ll*  51.2 

35  60 

720-2308 

10  9.6 

-  5  1* 

226-1872 

15  .9 

-36  1*7 

52U-652 

10  ll*.2 

30  52 

1*09-21*01 

15  1*7.8 

5  57 

1*21-3393 

10  39.9 

68  1*9 

1*07-21*25 

15  1*9.3 

8  57 

527-1*1*7 

10  1*1.1* 

1*8  1*7 

1*01-21*1*0 

16  l*.l 

13  57 

723-2071 

10  57.9 

-27  29 

221-1721 

16  1* .  3 

-30  1*5 

219-2825 

11  21.6 

21*  16 

1*11-2289 

16  9.0 

-  1  28 

732-1887 

12  15.8 

-32  3 

?0l*-l6l7 

16  20.8 

-11  22 

UlU-3265 

12  1*3.9 

63  1 

215-1551 

16  57.1 

-21  2l* 

226-2228 

12  1*6.9 

-23  2 

225-1603 

16  57.6 

-32  1*9 

lie. 


mm 


TABLE  V  (CONT'D.) 

AFCRL# 

a 

6 

1*02-2170 

17  -6 

2  1*1 

1*01-2171 

17  1.0 

3  2 

20 2-1 6 6 

17  10.9 

6l  18 

733-1088 

17  lU . 1 

-  3  12 

710-511* 

17  23.8 

51  15 

1*03-2033 

17  32.8 

-  2  2 

718-722 

17  35.3 

33  15 

1*25-1911 

17  1*9.3 

-28  21* 

20U-1105 

18 

2.4 

l*2l*-l868 

18 

7.6 

1*18-1873 

18 

9.1 

213-1236 

18 

10.5 

1*19-1852 

18 

16.0 

1*09-1826 

18 

27.7 

216-1201 

18 

28.3 

Iv •  Aks_°liit-e_Ca]  ibration  of  Around-Based  Astronomy s 

^ile  Arlfna  °  borne  t.  ri  c  system  extends  in  wavelength  from 

4  .  ble  to  and  was  calibrated  by  Johnson  (1065).  His  calibration 

was  based  on  absolute  flux  measurements  of  the  sun  made  by  Saiedy  (l9fo) 
and  otners,  and  on  the  assumption  that  solar  type  stars  observed  on  the 
photometric  system  have  flux  distributions  identical  to  that  of  the  sun. 

Ihl  f  °  tra?°lated  this  Procedure  to  P?p.  it  was  realized 

uncertain* v^of  ^  rnliablP  vUhin  ^ated 

uncertainty  of  _i,  to  ±20  percent,  should  be  improved  bv  means  of  an 

absoiute  radiometric  measurement  of  bright  stars  and  nlanets.  Here  we 

interven?6  reSUl‘'/S  °f  Such  an  experiment.  It  sho>ild  be  noted  that  in  the 
intervening  years  since  Johnson's  original  work  the  accuracy  and  sensitivity 

recennared  °bserv*tlon8  has  improved  greatly.  Therefore  Low  and  Rieke  (1073) 
tly  reobserved  a  set  of  solar  type  stars  at  3.5,  5.0  and  10. (^u 

and  updated  the  onrinal  Johnson  calibration.  Thus  we  will  be  able  to 
compare  the  new  radiometric  determinations  with  a  modern  revision  of  the 
Clascal  s.ellar  calibration.  It  will  be  seen  that  rather  pood  agreement 
exio.s  between  these  tiro  totally  independent  procedures. 

any  absolute  calibration  of groundbased  photometry  must  take  into  accoun* 
;*e  chosCern  intr°dUCed  by  the  aimosphere .  *0  minimize  this  problem 

only  7  m  •  f Lter/enitered  at  i1*^  *  -15U  with  a  band  width  of 

,  7  '!  A  L-Iach  infrared  telescope  was  utilized  with  a  permaniun 
bolometer  as  the  detector.  The  1.0  arcmin  diar.eU  r  beam  was  switXd  raoidlv 
oetween  sky  and  star  using  the  secondary  mirror.  *  temperature  regulated 

a*  ;  f^^lTfU?r'UrLd.\?ar"eS-  «  »  JizoJtal 

n  Lt  of  515m.  The  black-body  cavity  was  positioned  behind  a 

The  b lack \aCH  SCreen  ^  Sn0Urh  t0  3ubtend  the  ^11  diameter  of  both  beams 
_  If'  cavity  was  heated  to  a  temperature  of  f  DQ°c  and  could  be 

manuaHy  blanked  by  means  of  an  ambient  temperature  shutter,  -easurements 
of  .he  black - 00 dy  source  were  made  during  the  winter  of  1071.72  when  the 
piunet  .ars  was  conveniently  located  in  the  southern  sk-.  Thus  it  was 
possible  .0  rotate  tne  telescope  from  the  horizontal  position  to  make 
repeated  measurements  of  Pars  and  the  black-body  source.  Signals 'of 

g"  Tab^t^?  in  b°th  —  The  Kars 

.  Inrs  io ,  of  course,  highly  variable  though  extremely  bright  ir  the 

in  rared.  In  order  to  relate  the  absolute  calibration  of  Mars  to  standard 
o.ars  whose  magnitudes  were  both  well  determined  and  known  to  be  constant 
»e  carried  out  an  additional  concurrent  set  of  observations  at  a  nearby 
;i.e  We  made  observations  of  Pars  and  several  bright  standard  stars  using 
m  1  enticBi  filler,  altnough  the  telescope  was  ?8  inches  in  diameter  the 
angular  size  of  tne  beam,  was  still  1  areminute.  The  results  for  the  standard 
stars  are  quoted  in  Table  VI  below. 


it 


1 

I 


TABLE  VI.  Absolute  Fluxes  at  11.3tu 


bource 

Mars  (l-t-72) 
0  And 
a  Tau 
a  Aur 


Flux  Density 
(v/cnr/u) 
3.38  x  10-13 
5.27  x  10"AO 
1.22  x  10~15 
U.38  x  lO"16 


Percent  Error 

6 

10 

10 

10 


The  procedure  utilised  here  appears  to  be  fully  capable  of  yielding 
results  with  a  precision  better  than  5  percent.  It  should  be  noted  that  a 
major  source  of  error,  namely  atmosperic  losses,  is  largely  conpen3ated 
by  the  equivalence  of  the  horizontal  path  to  the  black-body  source  and  the 
slant  path  to  the  star  or  planet.  In  making  the  transfer  from  Vars  to  the 
standard  stars  it  is  only  necessary  to  apply  differential  extinction  corrections 
which  are  essentially  negligible  at  11. On.  Error  analysis  of  the  absolute 
measurement  of  Mars  with  the  12-inch  telescope  'ields  a  conservative  estimate 
of  total  error  equal  to  ±6  percent.  Unfortunately,  the  28-inch  observations 
of  Ears  and  standard  stars  introduces  additional  uncertainties  which  raise 
the  final  error  to  tlO  percent.  It  should  be  not ’d  that  this  new  absolute 
calibration  agrees  with  the  stellar  results  basec  on  stars  like  the  Sun  to 
within  only  t  percent.  We  therefore  have  adopted  an  average  of  the  two 
results  and  fix  the  naxinum  error  at  ±7  percent. 

In  Taole  VII  ve  list  the  absolute  fluyes  for  zero  magnitude  stars 
observed  on  the  revised  Arizona  photometric  system.  V.c  errors  are  given 
since  these  values  are  adopted  as  part  of  the  defining  criteria.  Table  VIII 
lists  magnitudes  of  the  principle  standard  stars  based  on  the  Low  and  Pieke 
(1973)  results  fro r.  solar  type  stars  and  Saiedy's  (i960)  solar  fluxes  and 
on  our  new  absolute  radionetry  experiment.  The  interpolation  from  11.3bu 
to  10.6  and  21u  was  made  assuming  the  stars  emit  like  b000°E  blackbodies 
over  this  interval.  In  using  these  results  note  that  3  And,  a  _’au  and 
a  Aur  should  be  accurate  to  ± 7  percent  tut  that  the  stars  in  other  parts  of 
the  sky  are  less  well  determined.  At  10. 6u  the  largest  error  should  be 
smaller  that  ±10  percent.  At  M  and  0,  the  data  are  not  as  reliable  as  at 
L,  b  and  where  ±10  percent  or  better  seems  conservative.  "  and  Q  results 
mac.'  be  uncertain  by  ±15  percent. 
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6.80  X 
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2.76  X 
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;; 
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it 

10.6 

9.7  x  10~17 

3.63  X 
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<» 

21 
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10 

It 


TABLE  VIII.  Magnitudes  of  Standard  Stars 
Name  B.S.  K  L  M  N  Q 
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FIGURE  CAPTIOUS 


i.  A  nap  of  the  sky  showing  the  sources  from  the  AFCRL  lifts. 

Vhe  ooen  circles  represent  sources  that  could  not  be  verified. 

The  filled  circles  represent  sources  that  were  verified.  Further 
data  is  presented  in  Tables  III,  IV  and  V. 

.  Histogram  showing  the  differences  between  measured  positions 

and  iiFCRL  positions  in  declination  for  sources  that  were  verified. 

3.  Histogram  showing  the  differences  between  measured  positions 

and  AFCRL  positions  in  ascension  for  sources  that  were  verified. 
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